Purpose/Objective: Volumetric Modulated Arc Therapy (VMAT) is increasingly popular as a treatment method in radiotherapy due to the speed with which treatments can be delivered. However, there has been little investigation into the effect of increased modulation in lung plans with regard to inter-fraction organ motion. This is most likely to occur where the planning target volume (PTV) lies within areas of low density. This study aims to investigate the effect of modulation on the dose distribution using simulated patient movement, and to propose a method which is less susceptible to such movement. Materials and Methods: Simulated inter-fraction motion is achieved by moving the plan isocentre in steps of 0.5cm and 1.0cm in 6 directions, for 5 clinical VMAT patients. The proposed planning method involves optimising using a density override to 1g/cm 3 , within the PTV in lung, to reduce segments boosting the periphery of the PTV.
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Purpose/Objective: To study the effect of Leaf Motion Constraints on the quality and delivery of Volumetric-modulated arc therapy (VMAT) plans. To determine a single optimal value of Leaf Motion Constraint Factor in Oncentra Master Plan Treatment Planning System for optimizing the balance between plan quality and delivery efficiency for VMAT Treatments. Materials and Methods: Eight patients undergoing treatment in our institution were selected for this study, 2 Carcinoma of Cervix, 2 Head and Neck, 2 Stomach and 2 Prostate patients. For each patient, VMAT plans were generated with the planning CT scan with different LMC values ranging from 0.1 to 30 mm/deg. The treatment plans for each category were designed to deliver the dose to the planning target volume as per the standard hospital protocol. The Objectives for the Plans were the coverage of 95% of the PTV with the prescribed dose. Planning Objectives were placed to ensure that no more than 1% of the PTV will receive more than 107%. Planning objectives were also placed for normal structures as per the hospital protocol. Dosevolume histograms (DVH) for the target volume and the respective organs at risk were compared. Results: The use of a more restrictive leaf motion constraint less than 4 mm/deg results in inferior plan quality. A less restrictive leaf motion constraint greater than 6mm/deg results in improved plan quality but can lead to less accurate dose distribution as evidenced by increasing discrepancies between the planned and the delivered doses. The Value of 5 mm/deg proved to give acceptable plan quality for different anatomical sites without sufficient discrepancy between planned and delivered dose.
Conclusions:
The leaf motion constraint ensures the delivery of the optimized plan, but it also impacts the plan quality, the delivery accuracy, and the delivery efficiency. Our studies indicate that a leaf motion constraint of 5 mm/deg for LMC can provide an optimal balance between plan quality, delivery accuracy, and efficiency. The effect of LMC value on dose to target and normal structures, treatment delivery time, Gamma Value and Treatment Monitor Units are also discussed and reported.
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The influence of selection of the optimization parameters for automatic beam angle optimization J. Litoborska Purpose/Objective: The intensity modulated radiotherapy (IMRT) is commonly used in many clinical cases and its application is still growing. Planning process is complex and time consuming. The quality of IMRT plans depends on beam angle selection, number of beams and on planners experience or intuition. Beam Angle Optimization (BAO) is an automated treatment planning tool for selecting the suitable beam angles based on user defined Dose Volume (DV) objectives that speeds up the planning process for IMRT treatments. The BAO algorithm has a lot of initials parameters which are quite difficult to set default values. The aim was to find compromise between dose distributions and optimization time with respect to optimization parameters selection for automatic beam angle algorithm. Materials and Methods: The evaluation was undertaken for 5 complex H&N cancer patients. The 9 BAO plans were prepared for each patient. The Plan Geometry Optimization (PGO) was performed in two modes: global and local. The first one is based on the DV objectives defined by user, starts with user definable initial number of fields. The second one continues from the results of the global optimization by fine-tuning the field parameters such as collimator or gantry angles. The BAO algorithm was allowed to search up to 50, 100 or 200 different initial sets of beams in a coplanar field geometry. For each of them, the local optimization was performed with 50, 100 and 200 iterations. The final number of beams was defined between 5 and 10. The optimization objectives and DV constraints were the same for each plan. Eclipse (10.0.34) treatment planning system was used during this study. The dose distribution was calculated using analytical anisotropic algorithm (AAA). The analysis was carried out for DVH for target structures and organs at risk (OARs) and for optimization time.
Results:
Comparison of DVHs, obtained with use of different optimization, showed the dose distributions with a similar quality. There was no difference for target coverage (D2% and D98%). The DVHs for parotid glands and brain steam are also similar for all 9 plans. There were observed some differences for DVHs for spinal cord, however no relationship with selected parameters was found. The plans with 50 iterations of local optimization were finished in about 2,5 -3 h, with 100 iterations in about 4 -5 h and with 200 iterations in about 8 h. The initial beam numbers has got very small influence on time of the calculation. Conclusions: The idea of PGO algorithm was to improve and speeds up the planning process for IMRT. The study showed no difference in DVHs with respect to optimization parameters selection. The calculations of treatment plans were time consuming, because of 32-bit algorithm architecture. The shortest calculations were with use of 50 iterations of local optimization. On the basis of the study the default values of initial parameters for BAO were established. BAO method may be used by planners with lower experience in IMRT planning. Purpose/Objective: Documentation of patient response to radiation therapy (RT) using international guidelines of classification of sideeffects is rarely made by busy radiation oncologists.This highly limits the number of radiobiological studies that could be made otherwise. Digital medical systems are being developed worldwide but efficient tools integrating the specific RT needs are lacking. A software for the registration of patient response to the treatment during the RT medical appointment will be described. Materials and Methods: The software was developed in Matlab and data storage is made using a PostGreSQL database. The workflow starts by introducing a new patient in the database by the radiation oncologist. Patient identification and basic disease and treatment parameters need then to be defined. Based on the selected options the appropriate guidelines of classification of complications for that pathology are displayed. Once a new follow-up appointment is inserted the user may start documenting patient response to RT. Different areas were built for the registration of observed complications and disease evolution to the prescribed protocol. For software development and testing the pathology of head and neck tumours, using the RTOG/EORTCguidelines, was first selected. Results: This platform is being used clinically since the middle of 2011. Since then data from 285patients during more than 2200 2nd ESTRO Forum 2013 S463 medical visits were electronically stored. This resulted in the documentation of more than 18000 endpoints including complications of the salivary glands, oesophagus, larynx, pharynx, skin, mandible, etc and more than 1200 items on tumour response. Conclusions: In the actual version the software is ready to use for head and neck tumour cases and for Portuguese and English speaking users. However it can be easily extended to any other pathology or language by inserting into the reference tables of the database the necessary parameters. The software was developed not only to be a useful clinical application in radiation therapy but also to be a tool with research goals. Aiming to perform radiobiological modelling and statistical analysis on the efficiency of RT the graphical interface was designed to be: 1) simple and user-friendly requiring almost no training prior to use and 2) to organize the data for the researcher without the need for any further processing by the radiation oncologist or the medical physicist responsible for treatment. 
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Purpose/Objective: RapidArc (RA) plans for nasopharyngeal and paranasal sinus tumours are highly complex with steep dose gradients surrounding target volumes and OARs. Geometric uncertainties due to systematic set-up error could potentially lead to increased radiation dose to OARs, resulting in an increase in NTCP. This study aims to evaluate the dosimetric and radiobiological impact of systematic setup error in RA plans for these tumours. Materials and Methods: RA plans were generated for each of the 10 patients included in the study. The original plan isocentre was shifted by 2, 3, 4 and 5mm in 8 different directions, taking into account a combination of shifts in the left-right (x axis), anterior-posterior (y axis) and superior-inferior (z axis) directions. Dose distributions were recalculated in the Eclipse treatment planning system following each shift, generating 8 separate plans for each patient. DVH and NTCP for OARs of the original plans (no set-up error assumed) were compared with the shifted plans using the Wilcoxon matched-pair signed-rank test. Results: DVH and NTCP values for the original and shifted plans are shown in Table 1 . Systematic set-up errors resulted in an increase in dose and NTCP to all OARs evaluated. The magnitude of this difference increased with systematic shift size, with the largest differences observed with a 5mm shift. For the spinal cord and brainstem, the average percentage increase in D max for the 5, 4, 3 and 2mm shifts were 13.6%, 10.2%,6.4% and 3.0%, and 10.6%, 8.1%, 5.2% and 2.2%, respectively. This resulted in a small increase in NTCP for both these OARs. D mean for the contralateral parotid increased by a maximum percentage of 5.5% following a 5mm shift, leading to an average percentage increase of 19.9% in NTCP. For the optic structures, the largest difference was observed in the lens, with a significant increase in D max even with a 2mm shift (average percentage increase of 14.2%). This resulted in an increase in NTCP, which was most significant for the 4 and 5mm shift (NTCP increased from 0.4% to 1.7% and4.8%, respectively). Although there was an increase in D max and NTCP for the optic nerve, optic chiasm and retina following the shifts, the absolute NTCP values were small (≤0.6%) and therefore unlikely to be clinically relevant.
Conclusions:
The consequence of systematic set-up error in RA plans for nasopharyngeal and paranasal sinus tumours is an increase in dose to OARs, resulting in an increase in NTCP. While more significant differences were observed with larger errors (>3mm), even small setup errors (≤3mm) could potentially affect dosimetric and radiobiological outcomes in some OARs. Robust verification and correction strategies should be implemented to minimize the detrimental effect of systematic set-up error in this particular tumour subgroup. Purpose/Objective: During the proliferation of cancer cells, the radiosensitivity seems to become non-homogeneous. It is very difficult to demonstrate the time-dose-fractionation effect of nonhomogeneous radiosensitive tumor in 3D space. In order to show the process, we developed general LQ model (GLQ model), which includes not only interfraction interval, but also time after irradiation. The purpose of this study is to show the radiation reaction of nonhomogeneous radiosensitive tumor irradiated by fractionated radiotherapy. Materials and Methods: It is assumed that randomly assigned different radiation sensitivity seeds from 1 to 9 proliferate in 3D space. Each seeds are randomly assigned different 7 sets of α/β ratio delivered from cultured cells. Surviving fraction after irradiation proliferates exponentially. These steps are computed by Mathematica version 8. Results: Running the program file, multi-centric amorphous tumor appears in the 3D space. Radiotherapy effect of 60Gy/30fr/6weeks delivered to this tumor is visualized clearly in the 3D space. If some of the foci in the amorphous tumor have the radiosensitivity corresponded to SQ20B cell (radioresistant cell), it can be seen that the foci does not disappear but v shaped increase in number and volume.
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Conclusions: GLQ model can analyze Time-Dose Effect of fractionated irradiation along timescale. By this model, visual simulation of timedose-fractionation relationship of non-homogeneous radiosensitive tumor during and after irradiation could be shown on 3D space.
